Objective: To investigate the variation in iodine content in drinking water in Denmark and to determine the difference in iodine content between organic and non-organic milk. Further, to analyse the iodine content in other beverages. Design and setting: Tap water samples were collected from 41 evenly distributed localities in Denmark. Organic and non-organic milk was collected at the same time (twice summer and twice winter). Soft drinks, beers and juice were collected from different Danish producers and wine from different countries. All samples were analysed for iodine using inductively coupled mass spectrometry. Results: Iodine in tap water varied from 2.1 to 30.2 mgal; the iodine content was in general highest in the eastern part of Denmark and lowest in the western part of Denmark. Organic milk was found to have a lower iodine content than non-organic milk. Conclusions: Large geographical (and seasonal) variations in iodine concentrations were found in different beverages supplying an appreciable part of the iodine in the Danish diet. This knowledge is important when calculating the iodine intake from dietary intake studies. Sponsorship: The 1991 Farmacy Foundation and Danish Veterinary and Food Administration. Descriptors: iodine; iodine intake; Denmark; drinking water
Introduction
The iodine intake in Denmark is marginal (Andersen et al, 1996; Haas et al, 1988; Munkner, 1969; Nygaard et al, 1993) . The overall picture is that moderate iodine de®-ciency exists in the western part of the country (Jutland) with average iodine intake levels of 50±70 mgad (Munkner, 1969; Pedersen et al, 1995) and mild iodine de®ciency exists in the eastern part of the country (with Copenhagen) with intake levels of 80±100 mgad (Munkner, 1969; Nygaard et al, 1993) . These levels of intake have to be compared with the recommended intake of 150 mgad (Sandstro Èm et al, 1996) . The prevalence of goitre is relatively high, especially among the elderly in western Denmark, where about 12% of the elderly women have goitre (Laurberg et al, 1991 (Laurberg et al, , 1997 .
More than 25% of the iodine intake in the average Danish diet is derived from milk and another 25% from drinking water, coffee, tea and other beverages (calculations based on Andersen et al 1996) . Therefore, it is important to know the iodine content in beverages, and to have values of the geographical variation in iodine content of drinking water and milk.
Further, it has been found that the rapeseed content in the fodder of dairy cows can in¯uence the iodine content in milk. Therefore, due to differences in feeding practices there could be signi®cant differences in the iodine contents of organic milk compared with non-organic milk.
The aim of this study was to determine the iodine content of beverages constituting the major part of thē uid intake in Denmark and to examine the geographical variation in iodine content of drinking water within the country. Finally, the iodine content of organic and nonorganic milk was determined.
Methods

Drinking water
Drinking water (tap water) samples were collected from 41 evenly distributed localities in the country. All samples were collected twice, in January and in June 1997, respectively. Cold tap water was collected, after allowing the water to run for at least 10 s, in a glass container, sent to our laboratory, and stored cold (5 C) until analysis. To exclude iodine liberation from the glass containers, Millipore water was stored in the same type of glass container during the same period as the water samples, and analysed for iodine.
Tea, coffee and boiled water Water taken from the same tap was analysed after boiling for a few seconds, after boiling for 5 min, after being run through the coffee maker and after boiling in an electric boiler, respectively. Furthermore, ground coffee (Gevalia brand) and two kinds of tea (Earl Grey and Keemun tea) were prepared with water taken from the same tap on the same day.
Milk
Organic milk was collected from three dairies: (1) éllinge-ga Êrd located in the northern part of Sealand (eastern Denmark), which uses milk only from this area; (2) Thiese in the northern part of Jutland (western Denmark), which similarly obtains its milk locally; and (3) from Harmonie in Slagelse (central Sealand) which uses milk from all over Denmark. Likewise, non-organic milk was collected from one dairy in northern Sealand (Borup) and from one in northern Jutland (Hirtshals), which both use local milk for production, and from one in middle Sealand (MD Foods) which uses milk mostly from Sealand. The organic milk ful®lled the Danish rules about production of organic foods (Plantedirektoratet 1990) . In brief, the cows should have access to outdoor areas, fresh air and daylight; as a minimum 85% of the fodder should be organically grown, and the use of growth promoters etc. is not allowed. The use of vitamins and minerals, however, is not restricted.
Two samples, about 2 weeks apart, were collected from each dairy in March and again in June, 1998. Samples were stored at 7 20 C in glass containers until analysis. 
White wine
Six bottles of white wine were collected: two from France (Gangloff, Alsace; Chardonnay, Bourgogne), two from Germany (Liebfraumilch, Sommerauer; Piesporter Michelsberg, Mosel-Saar-Ruwer), and one each from Italy (Il Casato, Chiori) and Greece (Boutari, Attica).
Iodine analysis
Prior to analysis the samples were diluted 1±19 by an aqueous solution containing tetramethylammonium hydroxide and potassium hydroxide. The diluted samples were analysed for iodine by inductively coupled mass spectrometry at maz 127 using¯ow injection sample introduction. The samples were analysed in groups of samples of similar composition, e.g. water, milk, wine, beer, to reduce the possible differences in matrix effects between samples to a minimum. For each group of samples the iodine signal intensity was calibrated by the standard additions technique using a sodium iodate solution. The accuracy of the analyses was controlled by analysing in parallel with each batch of the unknown samples the certi®ed reference material BCR 063R Skim Milk Powder (European Commission, DG XII, Brussels, Belgium). The precision of the analyses was estimated at 3% RSD at the 100 mgal concentration level (Larsen et al, 1999) . The limit of detection (3 standard deviations of the blank) was 0.5 mgal in the original sample. The plastic autosampler vials used for the samples were used without any rising procedure. The iodine contamination of the vials used was not detectable. The other sources of iodine blank value were primarily the reagents used. The overall blank was subtracted from the results obtained for the samples.
Statistics
Statistical evaluation of differences was performed with two-tailed paired and non-paired t-tests using The Statistical Package for Social Sciences (SPSS, version 7.5.2, Chicago, IL).
Results
No iodine in Millipore water was found, indicating that no iodine liberation from the glass container took place. The iodine concentrations in tap water are shown in Table 1 . In general, the iodine concentrations were highest in samples from Sealand (eastern Denmark) and lowest in samples from Jutland (western Denmark; P`0.001). However, the variation within both localities was large. The result of one of the samples is not shown in the table. This sample was taken at the island of Bornholm, which is located far east of Sealand and is geologically quite distinct from the rest of Denmark. The iodine content in this sample was 5.5 mgal. The iodine content in samples collected in January did not differ from the iodine content in samples collected in June (P 0.6).
Iodine in boiled water, coffee and tea is shown in Table  2 . Iodine in water was not lost during boiling or heating of water. Likewise, iodine content in tea was similar to that in Iodine in drinking water LB Rasmussen et al non-boiled water. In contrast, the iodine content in coffee was found to be lower than that in water. The iodine concentration in organic milk was found to be lower than that in non-organic milk (P`0.001; Table  3 ). Further, a seasonal variation was found, with higher iodine concentrations in March (25 AE 7.9 mga100 ml) than in June (18.3 AE 5.8 mga100 ml), and a geographical difference only present in winter milk.
The iodine concentrations in wine, soft drinks, beers and juice are shown in Table 4 . The iodine concentrations in red wine ranged from 0.9 to 28.6 mgal, while that in red wine from France ranged from 0.9 to 6.2 mgal. The red wine from South Africa had an iodine concentration appreciably above the others (28.6 mgal), and the second highest concentration was found in wine from Australia (9.0 mgal). The white wines, all from Europe, had iodine concentrations ranging from 1.6 to 5.7 mgal, comparable to the values found in European red wine (0.9 to 6.0 mgal).
Discussion
Iodine concentrations in tap water show large variations, with the highest content in Sealand (eastern Denmark) and the lowest in Jutland (western Denmark). The only published results (Pinndal & Hjarde, 1982) showed a mean iodine concentration in tap water in Jutland of 5 mgal (2.0± 7.5, n 11), in the island of Funen of 12 mgal (8.4± 16.0 mgal, n 2) and in Sealand of 25.0 (9.4±62.6, n 8) mgal. The mean iodine concentration from these three areas in Denmark was 13.0 mgal compared with 12.2 mgal in this investigation, indicating no changes in iodine content over time. The iodine content in tap water re¯ects the iodine content in groundwater, which in general is highest in Sealand compared with Jutland, but varies appreciably from place to place (Jacobsen, personal communication). The iodine content in the ground is low in the western part of Jutland because it was not covered by ice during the last Ice Age (about 10,000 y ago). The level of iodine in tap water also depends on the composition of the subsoil and the depth of the boring where the water is taken. In addition, higher levels of iodine in groundwater are found in some places in Sealand where old sea water has been forced upwards from underground.
This study also shows that iodine in water is not lost during boiling or heating, and it seems reasonable to use the same value for iodine in tea as for that in drinking water. The iodine content in coffee was found to be lower than the iodine content in tap water; however, with only one sample analysed it does not allow us to conclude that this is a general ®nding.
It is important to take the geographical variation in iodine contents into account when calculating the iodine intake in Denmark. The mean intake of water (coffee, tea, drinking water, fruit juice) is about 1500 mladay for adults (Andersen et al, 1996) . The mean difference in iodine intake from these sources between a person living in Sealand and one in Jutland can be estimated at about 19 mg per day.
Published values of the geographical variation in iodine content in tap water from other countries have shown that geographical variations are not uncommon (Felgentraeger, 1984; Ha Èsa Ènen, 1970; Longvah & Deosthale, 1998; Sozudogru et al, 1997) , although the variation in Denmark is quite large. For instance, in Finland the iodine content in tap water from 21 cities was found to vary from 0.3 to 9.1 mgal (Ha Èsa Ènen, 1970) . Likewise, in Germany the iodine content varies from about 11.6 mgal in the north to about 1.6±3.1 mgal in the south (Felgentraeger, 1984) .
The iodine content in organic milk was found to be lower than that in non-organic milk. This can mainly be explained by the greater use of rapeseed products in the feeding of organic dairy cows compared with non-organic dairy cows. The contents of goitrogenic substances, glucosinolates, in rapeseed result in decreased uptake of iodine in Red wine, France (n 4) 4.1 (0.9±6.2) Red wine, other countries (n 8) 9.0 (3.9±28.6) Red wine, all samples (n 12) 7.4 (0.9±28.6) White wine (n 6) 3.4 (1.6±5.7) Beer (n 5) 4.1 (2.6±6.9) Soft drinks (n 6) 2.9 (1.1±5.3) Juice (n 7)
1.1 (0.9±1.3)
Iodine in drinking water LB Rasmussen et al the thyroid gland (Gaitan, 1990) . The same mechanism seems to work in the mammary gland, resulting in lower iodine content in milk (Hermansen et al, 1995) . Other possible additional explanations for the difference could be less frequent use of teat dips and udder washes containing iodophors, iodine compounds used to clean milking apparatus (although the use is allowed), and perhaps less use of iodine-containing mineral mixtures for the organic cows, although it is common to use the same type of mineral mixtures as used for non-organic dairy cows. The iodine content in milk found in this study was higher than values found recently; however, the geographical and seasonal variation showed the same pattern as has been described before (Larsen et al, 1999) . The mean iodine content in milk in this study was 26.8 mga100 g (n 12) and in samples collected in 1995 (Larsen et al, 1999 ) the mean content was 10.1 mga100 g (n 24). The samples were not taken from the same dairies in the two studies and results are therefore not directly comparable. While the iodine content seems to have increased, we collected additional samples in autumn 1998 from the same three dairies as in the 1995 study. The mean of these samples (two samples from each of the three dairies) was 16.6 mga100 g, closer to the value found in 1995, but still higher, especially if compared to samples taken at the same time of the year in 1995 (8.4 mga100 g). Thus, it seems that the iodine content in milk for some reason has increased during the last 2 y. The mean intake of milk in the adult Danish population is 350 mlad. With this intake, the increase in iodine intake can be calculated to 28.7 mgad if the autumn values from 1997 are used instead of the 1995 autumn valuesÐa signi®cant increase compared with a total iodine intake of maximally 100 mg per day in the Danish diet. Use of 350 ml of organic milk instead of nonorganic milk can cause a difference of up to 35 mg iodinead. Also, the geographical difference in iodine intake from milk can be more than 40 mgad, and the seasonal variation more than 20 mgad. It is very important to take these conditions into account when calculating iodine intakes.
The iodine contents in red wine and white wine were close to the iodine content previously found in grapes (Saxholt, 1996) , but 100 times lower than the present ®gure found in the Danish Food Composition Database (Saxholt, 1996) . These inexplicable high content ®gures originate from a German food composition table (SouciFachmann-Kraut, 1979) , and stress how important it is to be critical of food composition values. The red wine samples are not representative for the consumption of red wine in Denmark; because we wished to analyse wine from various countries, however, four samples of French red wine were taken as mostly French wine is sold in Denmark.
The iodine contents in beers, soft drinks and juice products did not re¯ect the geographical variation in iodine content in tap water. The iodine contents are somewhat higher than those found in 1982 (Saxholt, 1996) . This can probably be ascribed to a different analytical method. These beverages together account for a total of around 17 mgad iodine on average.
In conclusion, large geographical (and seasonal) variations in iodine concentrations were found in different beverages supplying an appreciable part of the iodine in the Danish diet. This knowledge is important when calculating the iodine intake from dietary intake studies.
